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yk+1 = yk + hk
∑s
i=1 bif(yki, uki), k = 0, . . . , N − 1,
yki = yk + hk
∑s












s × s t>¯a´¿¸ m»OuÍav· IRs uM¶u¥»u-º¥~½; stv¥s¨ º¥ºnuÃ]-´uO
bi





















yk+1 = yk + hk
∑s
i=1 bif(yki, (uki), k = 0, . . . , N − 1,
yki = yk + hk
∑s
j=1 aijf(ykj , ukj), i = 1, . . . , s,
pk+1 = pk − hk
∑s
i=1 b̂ify(yki, uki)
>pki, k = 0, . . . , N − 1,
pki = pk − hk
∑s
j=1 âijfy(ykj , ukj)
>pkj , i = 1, . . . , s,
0 = fu(yk, uk)
>pk, k = 0, . . . , N − 1,
0 = fu(yki, uki)
>pki, i = 1, . . . , s,
y0 = y
























ẏ(t) = f(y(t), u(t)), t ∈ [0, T ],
ṗ(t) = −fy(y(t), u(t))>p(t), t ∈ [0, T ],
p(T ) = Φ′(y(T )), y(0) = y0,
0 = fu(y(t), u(t))
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IRq → IRq ½Gpquaau²O¥s¨BOsuau-R-u-¥Î¯a´O4
zk+1 = zk + hkΦ(zk, hk),
4 ,8
Á&qu-au
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8
gk := êk (1/q
p
k − 1/(qk + 1)p)
½1pqs¥$oaqsu@tvs8n¼~TÁ&qsq
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Oo·º¥¨a´t  OÂsu-suM4¼~ {q̄k} Â¥oº¥a´O· (Dr) ½pqsuvsa·'b¼~R´sÍa´O¢¯»Ou-oaqsuv»¯º¥sub·
r ∈ IN ¶²qPq²¯L4 M§H8nqsºs½ 3;· r = 0 aqsu--º´²¶¥Pqºs-4Ós²O´8¥1Osu98Í½ ; astvuBaq¯1ÄqsOº¥o·¹O1º´º"¥Oau-¨Ou-bs8¥º













q̂k0 = q̄k0 − 1
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ẏ(t) = f(y(t), u(t)), t ∈ [0, T ];









`(y, u)− ε∑qi=1 log[gi(y, u)]
´·







`ε(y(t), u(t))dt + Φ(y(T ));
{
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dt + Φ(y(T ));






























































yk+1 = yk + hk
∑s
i=1 bif(yki, uki), k = 0, . . . , N − 1,
yki = yk + hk
∑s
j=1 aijf(ykj , ukj), i = 1, . . . , s,






















‖ū − uεh‖ ≤ ‖ū− uε‖ + ‖uε − uεh‖,






8usauÅqu¶Oº´a´O·	sa¼º´ut 4 j8 4¹au%½4  %H88Í½
	    	
      
pquKÀµ6Oauäa´t>º´´~b-sÄa´O%·8aqsu'O¥t>º88aOºsa¼sº¥u-t[Á&Äaqº´O¨O´qstv²uº´~
ÅBu0·%sº´¥su'uMO²¯¥²-Âj~@·äaqsuo·¹Ot










ÂsO´RyRO|au-u- M ¦ , O²¯ÁÅu-º¥º M ¦%O;½
   Å1	B"   
   
 
"  o,

















v̇(t) = (F (t) − D(v(t), h(t)))/m(t) − g(h(t)),
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D(v, h) := KDv



















pqsuRuÄ~ ·ntvuq%Â0·üu-vuMq t>¯OvÄau-¯¥¸¥>sº¥j~Ou ¥ À²¨sau-%! Zs½¸pqsu
O¥¨¥º%tvuqRqB §§vuM8º"au-½ 1!uB-R¼u-a»uOTqsuBÀº"tvuqP>qs¥¨qmsu-Ä~¥Rqsu
au-¨O´O-auM¶s´s¨@aqsu¶¥s¨Osº¥&½











x21(t)dt; ẋ1(t) = x2(t), ẋ2(t) = u(t) ∈ [−1, 1], t ∈ [0, T ]; x(0) = a,
Á&qu-au
a ∈ IR2 ¥n¨¥»u-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sT·¹Ía´O H(x, u, p) = 1
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